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THE INFLUENCE OF CHAMBER DIAMETER ON THE MUZZLE VELCCITY
OF A GUN WITH AN EFFECTIVELY INFINITE LENGTH CHAMBER

Prepared by:

Arnold E. Seigel

This report is a theoretical study of the influence of cham-
brage (the ratio of chamber diameter to ore diameter) on the mussle
velocity of & gun., The analysis is applied to a chambered gun in which
all the propellant is burned before the projectile moves; the cylindri-
cal chamber is assumed to be of sufficient length so that the breech
has no effect on the projectile motion. Thus, the influence of cham-
brege is present, vhile the efrects of the propellant burning during
firing and of the dreech are not. The propellant gas is tresated as an
The change of state of the gas in passing through the
section of raduction in diamater is obtained by applying ‘he steady
state 1sentropic et tiing =f A-mtimuicy gnd energy, Unn.udy lnn-

tropiy flow 1is un-.d in ail éot.hor rts LT ¢ oxn, SRSY

‘-'
.

sle velucitly as a Junction of chambrege are obtainei.
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This report presents further results of a theorsticsl study of the effoct
. : of gun chaabrage (the retio of propsllant chanber diameter to barral bore
- dismeter) on the musile velooity of guns. It considers the effect of
’ finite chambrage and i3 8 sequel to NAVORD Report 269i, which treats the
specisl case of infinite chambrage. This study vas made in order to
2 augment our interior ballistics knovledge with the ultimate aim of obtain-
~ ing high qun velocitiea. The work vas carried out under projeot No.
FR-33-(54).
us- }
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A Captain, USH
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1K ‘ THE INFLUSNCE CF CHAMBER DIAMETER ON THE MUZZLE VELOCITY
OF A GUN WITd AN EFFVECTIVELY INFINITE LENGTH CHAMBER

:
d

I. INTRODUCTION

i 1. The influence :f chambrage, the ratio of the propellant chamber

I diametcr to the barrel bore dismeter, has been theorstically examined

; in reference (a) for the specisl case known as "optimum chambrage®.

! This condition of chambrage equal to infinity ylelds the maximuws

; possible projectile velscity for given gun and propellant parameters.®
(In zost instcnua the optimum chambrage corditions can be approached
by eicher a la-ge, weli-shaped cnaxber in which the propells .t liu. been
1aitially ~ll burned or by u propellant burming .t the proper rate in
a smaller chamber (eee reference (a).) It is of interest hers to
determine quantitatively the effect of finitw chambrage on the musile
velocity of guns.

2, In reference (1) a qualitative description of what occurs during
the firing of a conventionel chambered gun is given in terms of the
rarefactions and compression impulses which are present in the propel-
1ant gas. It is demonstrated that the propellant gas directly behind
thu projectile experisnces chiefly the following tendencies for changes
in nres=ure:

e. A irop in pressure {rom the rarefaciious, = he & e Y.
. ¢ atl-g orojectile

Le A rise in pressure from the compresaions produced by the burning
propellant

6. A drop in pressure caused oy the racefsctions reflacici from tha
‘ : bresch

d. As a resvlt of chamdrage, @ rise in pressure from the compres-
; sions reflected from the transition section, vhich joins the chw. lsr to
| the barrel,

! A stody vill be made hare of a gun wvith finite chamtrage in vhich the

propellant {s initlally all burmed and vhich has & sufflciently long

) chaaber sc¢ that the breech has nv effect ¢ the projectile r-tion, In

oy this simplified gun the effects of the buring propellant and of the

i breech, (b) and (c) above, are adsent; and the influence of chambrage on
: the accelersting projectile, (a) end (d) above, can therefore be obtained

{ \ apart from these effects,

-~
.

l , ¢ The propoflant {s ausuned vo burm only in the chamber,

A 3
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3. The cae-dimensional characteristic equations are applicable to the
chamber (considered to be of constant diameter) and to the constant diam-
eter berrel: .

Flze) + Wera(ute) = O "

In genersl, the .ulution of thess equations requires a numerical step-
by-step procedure for both the chamber and the barrel sectious; this
procedure can be applied to any length chamber and barrel. In the
particular case analysed here of a long (effectively infinite lengtlk)
chamber in which the \ropsllant is initially all buraed, the equation
vith poitive signe of squaticn (1) intsgretes simply into

Uu+o = o, (2)

for the chamber section; comsequently, no step-by-step procedure is
required in this case for the chamber sectica. (An effectively infi-
nite lengtk chamber is one sufficiently long so that no ispulses or dis-
turtences reflected from the chamber back eri reach the projectile. See
Section VI for s quantitative detsrmination of this necessary length.)

4. The gus flow in ihe transition section, vhicha juins the chamder to
tre bore, cs2 bu desoried by tha “uo.Algenstiona] 'mstasdy adighatiec
enarzy equation and the twn-dimensionsi unstaady zomti-uvier aqusvio-
Sincs it 18 not feazible to use these equations, it is sssumed lat the
rete at vhich e gun passes through the transition sectiom is lergs
relative to tne rate at vhich conditions change within the tremsition
section. Yhen the ennations which are epplicable to rolate th. oon-
ditions in a particuler gas laysr at the =mtrance .0 the ‘:are’tlon
section to those in this same ges iayer woer it is ai e axll oI the
trensition section are the stesdy equations of ocomtinuity and erergy.
By steady equations is meant that the equationos

Qu A = comstant (3)
2
m%— + h  a oconstant (4)

sre applied to each gus layer, the oconstants im gemerel baing elightly
different for each sucosssive layer.

5. It oah be show by the same argusenta as presented in reference (a)
that the use of the stesdy flov equations to Aasoribe the ges flow

batween the chamber end the barrel of a gun yields s larger projectile
velocity than the use of the unsteady equaticns. (The accurucy of the

- % e W W W® W e W = ® e e® @~ N e W B MW B e ® W e e N ®m " om oW

* See Liast of Jyxbols.

*% This 15 true because all downstream ohareowsristic lines in the cham-
ber originate from ges at rest and at tos initial thermodyrnamic state of
the ges. For e detailed explanetion, see ref. ‘wnce (d).

2
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steady flow approximation to the unsteady condition can be obtained
from specific gun experimental resuits.*) In support of the use of
this approximetion, hovever, is the realization that the steady state
condition is approached in the transition section of our s.mplified gun
vith the passage of time,

6. With the assurpiiona stated above and the additional assumption that
the pro.sss 1s thermodynamically reversible, it is possible to study
quantitatively the influance of chamber diametsr on the muszle velocity
nf guns. The method of calculation and the results obtained sre pre-
sented below,

11. Equations Dwscribing the Behavior of the
Prepellant Gas and the Projectils

7. The gun is visualized as having a constant-dismeter chamber of
offectivsely infinite length joined by a trensition section to a constant-
diamster barrel. The projectile is positioned initially so that its
back end is at the bezinning of the uniform-area barrel sectinn., It is
assuned that the propellant burns completely before the projectile begins
to wove, rroducing the high-pressure propellant gas at initial and peak
pressure p, and scund velocity Qg (see sketeh "elow), Dy

T ;

7 _ |

r.. —— — e ek e
{ o | e R
;) e H ’

The ,I.pellant gas is taken to be ideal vith & retioc «f specific heats,
¥ , of 1.4, (The method used, kcwaver, osan oe applied to an imperfect
ges vi ain 1332) gee of any G (e~ peferamce (d:. Ti. Al el 1.4 ia
selected becaiws experiments to confirm the Ltheoretical vuuciusicns
obtained in this report were carried out using air; thz_c experimenta
are desaribed in reference (b). Fer gensrslity, di- - :lonless variables
are used; these are listed belcw,

3 = p, A x _ Pe A X
ToMRME-NEE T 25t M
p, At P.Al

t= M2/(¥=-1)] A, = 5 a.M

- - @ e W - m e = e W W oW oW = oa o - - B e B e W @ W m e W ow e om

¢ Such experimental resulte arc described in reference (b).

-
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o = U - (8
[2/ts-1]a, 5 Q.o
a = < = < o

[Z;/‘( 5"')-_10-0 - 5 a,

|

E P ! s

-0

-
-

o3

8. 1% is assumed thati each part of the propellent gas sxpends isen-
Wiorically; therafore, since the propellant ges is ideal,

- -8 14 ¥ ’ T

P=F =0, o= [ladyy = zau-n ‘
_ - _ - - 28/tg-) -\;

o= »afty-) = s5a, p = =5’ .

Parther, in the uniform chamber sesction acc in thes wuiiorm bmrrel sec-
tion the assumpiiuu 15 =mde vhat the gar motice e oge dare.l' -ual in
space. From this assumption and that of isentropioity, lie umsissdy
one-dimensionsl momentum equation and continuity equation lea? o the
one~-dimensional characteristioc equations. Written in dimensionless form,
these oquations are

X(W23) + (Wrapp@rT =0
Bquations (7) epply to bota the chamber end barrel sections. Since the
chanber i» eoffectively infinite in length (and, consequently, the back
part of the propellant gus remains at rest in its initiel state in the
charber), the equation with positive signs of equation (7) becomes

w4+ O = | (8)

Thus, for the ohapber section the sum of the gas velocity, i , end
tbe Riemann function, & (equal to 2/( ¥ -1) times the zcund velccity),
remains & oonstant, Thts fact simplifies the treatment of the pro-
pallant ges {n the chamber section. 7n th. barrel section, however,
no such simplificstior is possible; «? equations (7) must be esolved by
s numerical :tep-by-step prooess. .

4
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9. In the trsnsition sectior, which joins the chamber of cross-
sectional area A) to the barrel of cross sectional area 42, the gas
flow ia described by the
steady flov equatione of
continuity and snergy.
Wit the subsoript "1*
denoting the stats of the
ges 1: vhe chaxber at the
entrance to the trunsition CHAMSBER | 12 BARREL 1
section, and the sudbecript
"2% denoting the state of
the zar in L9 Larrel at
the exit{ of the transition
section (see sketech), these
squations are:

TRANSITION SECTION

P w, A = pu A, o
wi  h o+ /2 = h, + /2

In dimensionless form squations (9) become, with the use of equations
(5) and (6),

)

2
rim = A = (=Y T
\O, Ay 2 (10)

[} tRey (Xl X]

W, + z = u'l + =3 O,
vhere t.e suth‘l A has beer replaced Ly ice equivalent for the ideal
=, (MY R/

10. gquation (8) cen be applied in particular to thc intrance of the
trensition section, yielding

u, + o = | (12:

With the assumption that the projectile is woprosed by air pressure ia
front and frioction forees, the equation for the projectile scceleretiom

ie
d (Y 8 —
dat =P (1)

Prom equationa (7), (10), (11), and (13} the entire behavior of the gas
and projectile ocan be obtaimed for the chambered gun vith effectively ,
infinite length chember. :

\)

T

T
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I111. Obtaining Maxizum Projeutile Velocity for the Chambered GCurc

11. By the use of the squations presented in Section IJ, the zZsximum .
projectile velocity can be obtained easily as & function of the ratio of

chamber diamster to bsrrel diameter. The maximum projectile velocity

is attained oy an unopposed projectile in a gun of infinits barrel

length., Althovet this veloeity 1s an jdealised )imit, it is instruc-

tive to see the effect of chambrage on this limit.

B .

3

i |

12, A3 the projectile welncity increases in a chambered gun with infl
nite chasber langth g=d $nfin!te barrel length, steady state ocnditi~iz
in the transi*icn section are approachad, and the velocity at the exi -
of the tranaltior seotion approaches the laocal sonic wvelocity.® When
projectile has reeched its maximum velocity, the steady state con-
ditions vill exist in the transition section, and the ges will be flow-
ing vith sonic speed. Thus, the steady flov equations (10) and (11)
2111 gxagtly abply at this time; and, in addition, ths velocity at the
transiting section axit can be equasted to the sonic wvelocity vithout

[ L e w‘—”‘\i | PRV TN S PRI PSR

approximation.
2
' GV T R = G T
Ty u, Ay — o u, (10)
0) . :
—_2 =l - - - R S s ,
1) u 1 2 7 U, ¥ "7 ¢
: - - ' n—
vhere all the quantitier are for tue time <len the wrylec-iie v o0l .7
is a maximm.
e
1). As the chamber 18 sffectively infinite ia length, equation (8) cen
N be applied to the gas in the chamber at tre emtrsnce to th: trotsition _
=2 section at this time :
4
» i3 -— -— :
Lion ' Ww, + o =1 (12) :
To determiag the maximmm projectile velocity, the impulses traveling '
- dovastrean from the transition seetlom tovard the pevjecille mey be .
13) ' exanined . ForuohotthnhpdmﬁaqﬂﬁtyuOOhnwmt
by om (7)), & differwat smetuit for each impulss, equal to .
. ‘ g ¢ O3 , eines they travel from the exit of the transition section. i
1;‘ When the projectile is traveliag at maximm speed, the presswre of 'he i

ges direetly behiat 5t is serc, end bemos the Memamm fumction & of

- e e e e E e B G e ® e T W S ® ® W e %S ® e ® o;meo®m e W W ®m W os w W - -

* The mawimm veloaity vith vhieh gus can {sst. from the chamber into the
barrel is the looal velocity of soumd; t. is is true vhather the flov s
steady or unatesdty. 6 *

COMFIDENTIAL u
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w, = (@ + E)AT PRoJ.

becores

f‘ " ‘ this gas (by equation (6)) is zero. Therefors,

= W, + 0, 09

vhere ... is the dimensionless maximum projectile velocity, and the
qmutio" in the equation refer to the time when the projectile veloc-
ity is a mudmm, With equation (14) the maximum projectile velacity

- ¥+ — i =
Uy = =7 %2 = -1-{-0',_ (16)

\é .

i 14. From equations (10), (11), (12), (14), snd (16) the relation

: ‘ ratwes: tha maximuva projectile velocity and the ratio of the chsmber-
: L tm-bore Or-ass-sectional area ‘or chanber-to-bore diameter) car ™

obtained for the infinite-chsmber-length gun.

AJAr = (D|/Dg

[

. seen that as D) /b2 apyrenci®s * in
chex™-20 gun,

The result i3 shown in Figure 1.

osnt of the optimma chasbrage maximur veloecity inoresss.
of tha optirum cheRbrege maxiwum velocity increase

Uwm
b+ (EDE-) | |1 - e EDE-)

It is evident from equation (17) that, as expected, the maximm pro-
Joctile welocity for an infinite-chamber-length, oconatant-dismetor gun

(/D2 = 1) 10 2G4/(6 -1) (i.0., U, 48 equal to 1), Purther, it is
fﬁ_\_xu value - this would be the

shes, *he =alue WYZTYE

cose of the optimaz W{m - oA
(or 1. appruaches (V(¥+1/2 C-./(!-W 1 this resuat .o 8 wikd
tus maxizum velooity result obtained in refersnce (a) for the optimm

1%, Tor & rrop:llant ges of ¥ esunl Y0 1.4, the waximum projectile
velcoity has been ovaluated a3 & tvmoidia ol DL/T2 from eawsiion (17},

16. The increase {n the maximum u-1jsatile weloaity as a result of
chambrage divided by the inurease {ia the projestile veiceity as e resalt

— 2ae/ (¥-1

P2
NP

) U
(V2/Te™)) 2a. /(x-1)

- w - '

~ P et e A e e RN o

- Z-Q'o/(“") (18)

o) = |
This perosutage bas ‘caloulated as & funotion of chamber-to-dore
‘ dismeter ( ) for both & ¥ equal to 1.4 propsllant ges end & §

oqual to 1,25 propellant gas. The results are jresented in Pigure 2
as & single ~urve, becsuse, quity sur risingly, the peroentage was

‘ 7
CONTTLNTIAL
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| l of aptimum chembrige, expressed s s peroentage, is designated the per-
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found to he almost sxactly the same for esvch ¥ - thir desorstrated *
that the percentage of the cptimum chesbraze mexiaum velo:ily increase

is practically indspendent of ¥ betwsen the iimits of ¥ equal to

1.25 to 1.4. .

17, It might be reiterated at this point that the equstions used in

ctiainiag Fiyures 1 and 2 are not approximate unes but exactly describe
the assmed uontropic gas flow for an infinits-chamber-length gun vhen )
the projectils valocity ioc a maxiwm.

- —— .t oy o

W 4 7 oty e g 2 ¢ e

IV, koathed of Calculation of the Projectile
Voloeity (e 3 Chanbered Gun

18. To vale'uile the pro -sttile velooity for s chambered gun of effec- t
tively infinite length from aguations (7), (10), (11), end (13), it is |
necessary to use 1~ the barrel secticn the step-by-step numerical char.
coterist’cs method. (Thie meallod i3 gutlined in references {b), {¢)

and (f), and in many otier reports.) fhis requires the use of s char.

acteristics net (tuc sets of interse "ting charasteristic lines in the

X - t plane -- ons with slone U +d, along vhich U+ G is ooustant,

another vitr slope U -& , along viioh U -0 ia constant). The

characterir ¢ "ines {uraing the :st can be interpreted as the path of

disturtenct .cnuites, since, as cus goes along & charscteristio line,

one ravels si the aame °peed as a disturbance would, that {s, at the .
loca™ veiceltr of sound ralative tn the mowly gac,

e e a e a—— —— P

Y20 ) sehematic diw.llz of a characteriatios diagrem for s chambers:
| | yun is shown in Figurs J. in this figure the points O, A, B, G, D,
' | sto. are poirts on e projectile path; the line 0-0' represents the

: haginning of the constant-diameter barrel section, the line 7.T' prepr:.-
sents the end of the cunslant-ulzmater shogher secilon.

20, For the caloulation the relsticaship betveen vonditions st the

entrance and oxit to the transiiion seotion is obtained from equations ;
s ! (19), (11), and (12), Thus, these aquations can uo combined to yield ;
{ the relation between &, ead G, , \ )’ !
i - z l
| | _1____'+ | - (3,/7,) : (19) ‘ |
| P A=) ) - o
, ' l/(s-0)[(7,/5,) (AJAY — | v f
‘» ’ y

with squation (19), aquetions (10) ard (12) convenjently yield the
relations betweer 3, , O, U,and i, for use in the caleulstior.

21, To oegin the pumeriral solutiom, an initisl point slong the pro- ,
Jectile path (point A in rigure 3) ocan be obdtained by sesuming that the
pressure~veloeity relationship dehind the projectile up to that point

8
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is the same as that at the exit of the tmuition_esction. This approx-
imation has been found to te satisfactory up to W = .08 for the opiiour
chambrage gun; it can be made ss accurate as desired by taking point A
as close as desired to point O.

22. The characteristics not is continued from point A by the ususl
aumerical methods, Thus, from points 0 and A, point 1 is calculated;
from 1 ™4 A, point B is calcvlated, and so on. Conditions at the axit
of the transition section (represented by peints 1, 2, 3, 4, etc.) are
calculated from the value of —~& on the upstrean impulses (e.g.,
A-1, B-2, C-3, atc.) and the use of equations (19), (19), and (12). To
prev.=t the chareater! stics net from becoming too cosrse, & parsbola is
f4ti: 3 trwougt the points D, E, and F in Mgure 3. With thi . ra.acola
*he poina a, B, 7, ¢, &, and & a-e calculated and nsed Yo
continue the characteristics net.

V. Calculated Projectile Behavior for a (un with
Chamber-to-Bore Dismeter katio Equal te 1.5

23. Prom the relation between the maxixum velocity end tho chamber-to-
wore d.ameter reilo, squatior (17), end the expression for the peroent
veloaity incresse, equation (18), the diameter ratlio vhich ylelds a
valae of 50% of the optiuua chasbrege aaximum valooity increase van be
caluulated., Tnis dicye.er ratio ™~ mg 13 equ2l ¢9 1,511 for a” ¥
eqral t> 1.4 propellant gas {and epproaimmtel, =7 ¢ to N - RETCEE.
a ¥ equal w0 ).25 gua (swe Figure 2)); therefore, tuw valuulation of
srojactile Lehavior wvas dous {or a chambered gun wvith D)/D2 equal to
1.511. A portion of the antua) charecteristics diegrem is shown in Pig-
ure 4. TLs aloulated velues for mints alot, the prv!octut path of
the [1/72 = 1.711 g are siver [: Takle (1oe31 15 :Toen fan~ted 1.5).

24. Plots of projectile velocity T versus travel X rve given in Fle-
ure 5 for guns using & ¥ = 1.4 gus, vith chamber-to-bore diameter
squal to 1 (ses reference (8)), '.51i (the oase calculated here), and
o (optimm chesbrage gun). (Figure 6 1s the U versus ¥ .t in
the lower velcaity region.) It ie apparcat from these curves that e
veloaity of the D1/D2 = 1,511 gun is approxisately halfuay between the
D1/D2 = 1 and the D)/D2 = O gon velocities. Thus, the /D2 = 1.5
g, vhich ylelds s0% of the optimm chamdrage velocity ircrease at
velooity, is semn to yield approxixately 308 of the optimm
velocity increase for all velooitise. The ourve of Figure 2,
vhich applies to the mximm velocity lncrease st infinite travel.
therefore, aan be applied 0 the veloocity increase of & chambered =
at gay projectile travel, This curve i :splotted in Figure 7 with the
o~d‘neie libeled the “percent of the optimm chembrege velocity inorease*,

U- ."..u g./o‘ 3 l
Wp,/p, e~ “Wo/og = |
Q9
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vhere y 1s the projectile velocity of the chambered gun, U o, /0g =)
is the projectile velocity of the constant-diameler gun, and Wp,/p, =

is the projectile velocity of the optimm chatdbrage gun, all to be taken
at a given projectile travel, Figure 8 is a W versus X plot fur
chambersd guns (D3/Dz = 1, 1.5,90 ) drawn for ¥ equal to 1.25 by
analogy with the ¥ equal to 1.4 plots.*

25, Mgures £, L (or 8), and 7 can novw bs employed to obtain the pro-
Jectile velocity for any chambered gun with effectively inf'nite length
chamber, Por sxample, to obtain the muzszle velocity of an effectively
infinite chamber length gun of D1/D2 = 2, and ¥ = 1,4, vhose diren-
sionless bar:-el lengi™ X aquals .015, ons would find from Pigare 7
that tae opl.aum chamirage velooity invrecse is 70 percent., From F .
ure !, Comer = 126, W, /oecl +149; therefore

u - .26
49 =~ 126 .70

and the velocity of this gun would be

Un = 0|42 L Y or LL - o7| 0..

T, Cevevlation of the First Tmpulse Reflected from the Breech

26, 1% hus Y2+n emp.ssised that the analysis presented in this paper

is for s gun vhose voamber leagih is infiaite, For s gun

in vhich the mopelian. {s irftially ali oumed ~nd movisaiow., ¢ Mo-
Jectile bhehavior is unaffected by the chiawber back end (the bruech) uatil
the rerefanticn impulses which originate firua the proiacuh Wouion are
refilected from the breaech end veavh the projeatile. (The first sush
impulse 13 referred to ss the firet -:flected impulse froa the hryych.)
A o vhose chamber length is infinite is, therefore. une

in vbich the chamber is of sufffoient lvngth eo that the firsi refleciwd
impulse doss not :easch the projectile while {t 14 in the barrel. A g
wose barrel langth: is short would requiry « relatively short chaxber
for an effeccively infinite chamber length, wher-ss a long barreled gwn
would require ¢ relatively . ng chamber. /The injuises reflected frum
the breech which originated from the pmujaectile are rarefaction ‘mmlses;
vhen they risach the projeat!l., they lower the presswre cf the pux
behind the projfectile. end, consequently, the projectile velocity is
less than if there wnre no breech reflecting thc.e impulses. aw the
chaaber-to-tore 4diume’er ritio inocrsases, the eff'ects of thess reflected

*An error In the ¥ = 1,25 case ocourring iu refere.”. (a) has ceen
corrected in Fyure 8, 0
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Tarefaction impulses become le:s and less (see diacussion in refer-
ence (a}). In fact, the one-dimsnsional theory used here demonqtmtea
~aat 1f D1/i2 is infinite, there is no effect due to a breech.)

27. Obtaining the chamber length neceazary to be effectively infinite
requires the calcoulation of the path of ke first reflacted impulses.

As bufore, the cases of D1/D2 =1, 1.5, and 00 are considersd, For a

gon of constant diameter, Heybey (reference (e)) has obtainod analytic
exprensions for the path of the first refiected impulse in the case of
a perfuct gas, 'rheaa may be transformed to yield

- (x—l) |

}
Xoe = |
. (g +1)/208=1)
2(a+1) (1~ Q)

vhere Xg, 15 the dirensionless d.starce fros the bresch to the initicl
position of the projectile back snd and u,,t is ths dimeniionleses pro-
Jectile velocity when the first reflected impulse reaches the projectils.
The relation between the proisctile velocity L and the travel X for a
constant-diameter gun (referenze (e)) is

2 \ -
¥ = {8012 ~— (¥+i0-3) +
- ey _ /(51 (21)
203+ | @-n{1-1) V ]
Proa equations (20) sau @i} .42 wulzasar, chawier ;sngthl. T,o, to be
effectivol infinite can ‘be ot:tained as runctiou. 7 et ls L wew

({.~. barrel length) and projes tilo velocity. These relations are
choun in Figires 9 and 10 as the D)/D2 = 1 plots.

20

—— 2

28, ror simpilecity in caleulating the path o. the Iirst roflochd impulse
in the vuge 3f lhe charbemd gumrn, s Mength of ne o cna’ Wia, section
between the chambe. and barrel is taken to be sern. An sxamination of
squation (10) or (19) demonstretes that, for the optizic chambrage gm

(D) /D2 =00 ), the wslocity of the ges in the chamber section is sero,

and the pressure, sound wala2'iy, and otior gas conditiens in the chamber
resain oonstant at their initial values. Thus, ths impulses in v
chamber sectior travel at the initial sound welooity; the time required
for the first :upulse t~ traval from the f.mutioh pomt and back is
aqual to 2 X44/ ™., or, ¢imensionlessly, 4 Xy, /(8-

29, Eac: 7alue of time (e.g., P 4in the si~*ch belov) along the X =0
line (the bsginning of the barrel) obtained from the optimm
seloulation oan be taken to correspond to ths time required for the
first impulse to reflect from the bresch to the transition section; iue
hreech _distarce Xop is equal to (¥-1)/, of this time, and the veloo-
Yy Uoige o and position, x,‘ s of the projestile vhen the first
impulse mchn 14 at Q can be obtainad from the optimum cvhambreage cal-
oulatlon by following the downstrean ‘mpulse from P, In this manner
the paths of the first reflected implsse for the D}/D2 =00 case are

1
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r' ~ obtained, The resultant D)/Dy = 00 plots are shown in Figures 9 *

, and 10, ﬂ
_T PRO JECTILE i '>
X xw,; PATH— \ ;
* BATREL ‘
N E CHAMBER E
| B
}
l I D,/ D, = @
‘; ——— 4 X, /(K-l)-————-b-l

e

30, For the D)/Dy = !.%5 case ths characteristic equations vai w - ..cic
In tha chamber seciion (vhere W + & = 1) to obtain the path of the

lse first reflacted iemulse. From points R and S used previously in the
* D1/D2 = 1.5 ealeuation, on the X = O line (see sketch below) point T
can be calculated: from T and U the point V can e ~alsuinted: ate. s
»or ' ‘ '1—'—‘”“"'““ T s T Y H;
i - PROJECT I E * 4
X, PATH —— : e
K Mg s % |
| BARFEL o i
) l -
» 1— N l : BN
- ~ 3
o0
- : I CHAMBER i R
] ! \ .
[ T X Y N B

!
"*‘ZT“/(K-‘)*‘
12
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Polat X, whicu specifies X,, , is the intsrsection of the downatream
characteristic R - T - V... and the first upstrsam imoulse (of slope
-2/(¥ -1)). Since point Y on the projectile pcth has teer calculated
previocusly, tite first reflected impulse paih is cov "let.el,»' krown. In
thir wanner the chamber length to be effectively lu'inite was calculated
for ¢1e D1/D2 = 1.5 caze; the results are shown in Figures 9 and 10.

-~

7%» The curves of Figures 9 and 10 illustrate thai ihe D1/ = 1.5 case
is approxintely midwav between the D1/D2 = 1 and D1/Dp = 0O cases; there-
fore, tiie rlot of Figure 2 (or 7) can be used to obtain the chamber lengths
ancee~ary to hs ef'fectively infinite for diameter ratios other than 1,

i,5, r o,

VII. CONCLUDING REMAPKS

32, It i2 seen that {iy quantitative resuits obtained hare are in
agraement with the qualitative dessription of the effect ¢’ chambrage
given ir reference (a). There i imbrage and a burning propellant. are
pictured as creating compression ‘mpulsss which increase the prcjectile
valoeity. Altarnately, chambrage and a burning propells:i can be viewed »d
as making possible the closer ;~sitioning of the propeliing gas to the

projectile, itheretyy incrarsing the projectiis welocity.

33 It 18 Lo be cxphasisea that the cunclusicas e rafa 3 t- *v'- o rt
on the influsnce of chaxbrege are applicabls undar tie curniitions that

2} the susther and be.:-el are cylindrical, (b) tne propellant gas is

21] buwned vefcre the projectile moves, {c¢) the propellant gas is an

1'ead gae, {2) the expansion of the was is 1szn’ropic, (e) tne chamber is 18
sufficiently lecrg tha® the bLreeoh “as na olfeit cui e ~roi-1tile motion,
and (f) the stoady flow equations 2pply in the trasasition section. The
validity of the last condition must await experimental) wasults, The other the
conditions are not satisfied by conventional gw.., and caution muat be
exercised in the application cf th..se results *o such guns; however, thej
are closely approached in sume unorthodox guns to which those 197-)ts
car be directly applied. For ucnventional guns (i.9., in which ths o=
pellant. burns during the projsctile motion) the veloocity gain {rom chan-
brage ci: be less than caloulated here. This is due {0 the fact that a
rressure sustuining effect behind the projectile can ve achieved from the
propellant's ocrilnued burning., This pressure sustaining effect from
continued burning is wore and more difficult to obtain es pivjectile .
.volocities »re {ncressec (becauas =f the high rates »f burming required), 4)
tui w pres:.re sustalning uffect frov chambrage is obtainable at high :
vealos ‘tles. Thua, the use of chambrege i: particulurly adventageous in B <
high-ves::eily conveniic.al guns, NAVORD Report 3717 (in preparation)

rives an uporoximate wm.thed of treating ~hambrage in conventional gun

L‘eltmlltlont.
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% TABLE I :
{ B
'_ ! POINTS GN THE PROJECTILE PATH . i
' (Calowlated for D}/D2 = 1.5, and ¥ = 1.4)
: * Point X t @ & P a
18 ]
! A .000482 03147 2300 9845 8965 1989
! n LON687 L5376 N34 9792 .8063 1358
: 07015 LI462 0427 .9768 849 1954
g E L003203 0841 N723 .9538 .78 .1908
N
; a 004029 0951 .08 <9490 094 .1898
14 .005295  ,1102 .090 .9378 .638 1876
8 .006018  .1181 .095 9332 616 .1866
c 006793 L1261 .100 .9289 597 .1858
iy 007643 1344 105 .9248 579 .185%0
F 008395 L lik N Y 65 RY: 7V
5 D12991 174 1268 074 Li0T el
H D158 L2011 1397 .8962 b4 1792
T 20333 ,2317 1533 .a8s1 426 1770
) J 026336 2690 .1683 873 381 1743 .
, X o ltel R ) ¥y 180 8569 .3%9 AT
or L 44148 L2653 .2007 8407 297 .1681
M 055197 L4184 .2156 L8265 264 1653
y ' N 158593 8230 «295% <7491 131 .1498
| 0 420088 1.6289 L2733 L6728 .062 1346
[ ]
Iy
]
!
s | 14 T
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A symbol with a bar is dimensionless and is related to the dimen-
sional quantities by squations (5). The subscript "o" refers to the
initial state of the ges at rest in the chamber; the subscript "1°
denotes the stete of the gas in the chamber st the entrance to the

transition section, and the subscript "2" denc'ss the state of the gas
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LIST OF SYMBOLS
Velocity of scund
Cross-sectionsl area of propellant chamber
Cross-sectionsl area of barrel bore
Diameter of propellant chamber
viameter of barrel bore
Enthalpy
Mass of projectile
Pressure
Time
Gas or projsctile valocity
Position coordinate cf gas eleacnt
Distance from breech tc transition section
Specific heat ratis

Gas density

Riemann function, defined as r(tl dp/f‘)s , S = entropy

in the barrel at the crit of the transition secticn.
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